The traditional techniques employed for embedding plant samples are not suitable for the proper processing of small seeds with hard seed coats. Usually, these seeds are broken off from blocks during microtomy, which limits the technical success of this procedure. In this study, Melastomataceae seeds of 101 species were treated prior to embedding in historesin according to three treatments: (1) control, using the standard procedure; (2) fixation and subsequent softening with Franklin solution, glycerin and heating in a water bath; and (3) softening with Franklin solution and subsequent fixation (glycerin and heating in a water bath were also included). For Melastomataceae species, the second treatment provides the best results, and we were able to produce very good sections of the entire seed. Small hard seeds, similar to those found in Melastomataceae, are better embedded when they are softened after subjected to fixation. A combination of softening techniques is necessary to improve the embedding process and to obtain high-quality sections of the embedded samples. In this study, we established a practical, slightly toxic and inexpensive methodology to ensure good preparations for light microscopy that can be applied to a wide range of subjects related to seed science.
Introduction
The importance of seeds to the reproductive success of Angiosperms is unquestionable. Data on the structure of the embryo are very important for understanding processes such as dormancy, germination (Goebel 1898 ) and frugivory (Silveira et al. 2013) and to recognize phylogenetic relationships in specific families and genera (Martin 1946; Corner 1976; Martin & Michelangeli 2009 ). However, the embryo morphology of some species cannot be described without microscopic preparation because the small seed size and/or the hardness of the seed coat hinder this process. Furthermore, many species with small and hard seeds demonstrate no developed embryo even in maturity, although they appear to be morphologically similar to embryonic seeds; this has been described for Cytinus (Vega & CarmoOliveira 2007) and was also observed by our group in some Melastomataceae. Thus, the lack of information regarding the presence or absence of the embryo, particularly in small seeds, can result in erroneous inferences regarding dormancy and germination. Moreover, many features of the seed or even the embryo are useful for taxonomic and phylogenetic purposes (Martin 1946; Corner 1976) . However, detailed studies on the anatomy of small and hard seeds are scarce because these features constitute complex technical barriers to anatomical analyses.
Among the families with this type of seed, which lack of structural data on their reproductive structures, Cytinaceae, Apodanthaceae, Mistratemonaceae, Hydnoraceae, Rafflesiaceae (Vega & Carmo-Oliveira 2007) , and Melastomataceae stand out. This encouraged our studies with Melastomataceae. The small size, the rigidity of the seed coat and its consequent impermeability tend to limit the use of conventional anatomical techniques. Seeds with these traits are not properly embedded in historesin (Vega & Carmo-Oliveira 2007) , paraffin or paraplast (personal observations). Under these conditions, it is common that sections of embedded samples are not adequate for light microscopy analyses, and the embryo is rarely preserved.
According to Johansen (1940) , the seed coat hardness necessitates the use of processes similar to those applied to woody tissues. Werker (1997) showed that seed coat hardness may be due to the presence of lignified layers (e.g., sclereids) or the deposition of phenolic compounds, both of which are commonly found in the seeds of several families.
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In many seed science research fields, high-quality anatomical preparations of seeds are essential. Several researchers aimed to obtain good preparations with small (Vega & Carmo-Oliveira 2007) and hard seeds (Silveira et al. 2012; 2013) , but complete success was not achieved until recently.
Considering these findings, the aim of this study was to develop an effective and inexpensive methodology for the processing of small and hard seeds in order to ensure proper anatomical analyses.
Material and methods

Plant material and fixation
Mature seeds from 101 species of Melastomataceae (Table 1) were collected from ripe and dry fruits or dried specimens from the herbaria BHCB, CAS, FLAS, HUFU, NY and UCPB. As a model to illustrate these results, we selected T. laniflora, a species whose seeds reflect all technical barriers encountered in the evaluated species.
All the seeds were fixed in formalin-aceto-50% ethanol (Johansen 1940) for 48 hours according to the treatments described below. To ensure that the entire surface of the seeds was immersed in the fixative, all of the samples were subjected to rotation (Eppendorf Centrifuge 5415D) at 10 rpm for 2 minutes and maintained under vacuum for 24 hours thereafter. Three treatments were performed: the standard embedding methods (treatment 1) and two alternative softening techniques (treatment 2 and 3).
Treatment 1 (T1) -Control, standard procedure
We used the more conventional treatment for embedding: the seeds were fixed, dehydrated in an ethanol series (50, 60, 70, 80, 90 and 95%) , and subsequently embedded in (2-hydroxyethyl)-methacrylate (HEMA, Leica™ Historesin Embedding Kit). To achieve this, the samples were kept in pre-infiltration solution (1:1, 95% ethanol: infiltration solution, which was prepared with 50 mL of liquid basic resin plus 0.5 g of activator) for 12-18 hours (overnight) and then remained in the infiltration solution for one week in a refrigerator (± 5°C). After infiltration, the samples were embedded (embedding medium: 15 mL of infiltration solution plus 1 mL of hardener) and kept for an additional week in the freezer (± -18°C) to retard polymerization (Paiva et al. 2011) . The times for infiltration and embedding were extended because the greatest difficulties in processing these types of samples are commonly found in the infiltration and embedding steps. After a week of embedding, the histomolds with samples were kept at room temperature for polymerization.
When the blocks were polymerized, 6-μm-thick longitudinal sections were obtained using disposable steel blades and a rotary microtome (Zeiss™ Hyrax M40). The sections were stained with 0.05% toluidine blue at pH 4.7 (O'Brien et al. 1964 modified) and mounted with Entellan™.
T1 was performed to determine whether the more conventional resin embedding protocol was adequate for obtaining good microscopic preparations of small and hard seeds.
Treatment 2 (T2) -Fixation and subsequent softening
After fixation, samples of the seeds were softened in the Franklin maceration solution (Franklin 1945 ) prepared with concentrated glacial acetic acid and 30% hydrogen peroxide (1:1 v/v). These samples were kept in an incubator at 60°C for 4 to 6 hours and then washed with distilled water to completely remove the solution. After this procedure, the seeds were dehydrated in an ethanol series (10, 20, 30, 40, 50, 60, 70%) , and each alcohol was mixed with 10% glycerin, and the samples were kept in a water bath at 30°C for 1 hour after each change.
The samples were stored in 70% ethanol + 10% glycerin for three days and then dehydrated in 80, 90, and 95% ethanol. The pre-infiltration, infiltration, embedding, polymerization, sectioning and staining steps were the same as in T1.
This treatment was designed to evaluate the effect of the combined techniques of maceration (Franklin 1945 ) and softening (using glycerin and water bath) on the samples after fixation.
Treatment 3 (T3) -Softening and subsequent fixation
The seeds were softened in the maceration solution described by Franklin (1945) , as in T2, and washed with distilled water to completely remove the solution prior to fixation (Johansen 1940) . Because the samples were already in a 50% ethanol solution, the fixative was washed with this alcohol, and the samples were dehydrated in 60 and 70% ethanol, both of which were mixed with 10% glycerin, and kept in a water bath at 30°C for one hour after each change.
As in T2, the samples were stored in 70% ethanol plus 10% glycerin for three days and then subjected to the same subsequent steps.
T3 was performed to verify whether softening prior to fixation would be more effective for improving embedding.
Results and discussion
The selection of the best method requires consideration of the maintenance of seed integrity as a whole. In this study, we determined good conditions for observing the seed coat and embryo. Analyses of the sections obtained using three treatments revealed different results both in T. laniflora seeds ( Figure 1A-F) and 100 other species of Melastomataceae under investigation (Table 1) .
The sections obtained with T1 did not allow for analyses of the embryo ( Figure 1A ). In the seed coat, the thickened phenolic walls were well preserved, but thin pecto-celllulosic walls (anticlinal and outer periclinal wall) collapsed ( Figure 1D) . Table 1 . A list of the 101 species of Melastomataceae tested in this study. The species are grouped into tribes according to the literature (Fritsch et al. 2004; Goldenberg et al. 2008; , and data on the Herbarium and the collector are provided.
Species
Herbarium Collector 
Continues.
Thus, the conventional protocol for embedding was not satisfactory for the analyses of these seeds. Using T2, the seed structure was well maintained. We observed the integrity of the embryo ( Figure 1B) , and the thin and thick cell walls in the seed coat were well-preserved ( Figure 1E ). For the periods adopted here, the use of the Franklin maceration solution (Franklin 1945 ) after fixation did not interfere with the integrity of the T. laniflora seeds, even the seed coat epidermis (see Figure 1E ). This was the best result found but was different from that observed with T3. Using T3, it was not possible to obtain anatomical sections of seeds with well-preserved embryos ( Figure 1C) , and the characteristics of the seed coats were inadequate and similar to those obtained with T1 ( Figure 1F ). These observations emphasized that softening prior to fixation produces damage to the seed coat and embryo, indicating that this process does not constitute a good procedural option.
For all studied species (Table 1) , small changes in the duration of the immersion of the seeds in Franklin solution in the incubator at 60°C ensured satisfactory blocks. This variation in the duration may be due to the qualitative and quantitative characteristics of the seed coats, particularly the phenolic contents. Phenolic compounds are commonly encountered in seed coats, as determined by their detachment by a histochemical test performed with toluidine blue in T. laniflora (see Figure 1D -F) and in the other 100 studied species. According to Werker (1997) , phenolics and their derivatives are the most widespread secretory materials of seed coats and render seed coats hard and impermeable to water. These characteristics, which are observed in Melastomataceae seeds, limit the infiltration of all HEMA solutions and interfere with the preservation of the embryo ( Figure 1A, 1C) . Although favoring penetration of the embedding solution, T3 changed the cells of the embryo because the maceration solution modified the cell walls in the seed coat, which enabled its action over the embryo ( Figure 1C, 1F) . Acetic acid, a component of Franklin solution, is a tissue preservative that moves rapidly into tissues but causes swelling or shrinkage of cells (Jensen 1962) . This finding indicates that, when the Franklin solution is applied prior to fixation, cell turgor may be changed, which may affect structural maintenance, as was particularly observed in the embryo of the seeds subjected to T3. Furthermore, acetic acid can soften plant tissues and prevent the hardening caused by fixatives (Jensen 1962 ). This may be one of the factors responsible for the best results obtained with T2. In this treatment, the material was fixed and then softened with acetic acid and hydrogen peroxide. According to Franklin (1945) , acetic acid in the presence of oxidizing agents such as hydrogen peroxide has a delignifying action on wood. Thus, it softens the seed coat in our study.
The use of only the Franklin solution was not sufficient to soften the seed coat of Cytinus (Vega & Carmo-Oliveira 2007) , as observed in this study for seeds of Melastomataceae. The adoption of Franklin solution combined with 10% glycerin mixed with each alcohol and the use of a 30°C water bath favored the softening of all tested seeds. We highlight the good results obtained with the Miconieae tribe species (Table 1) , which have even thicker seed coats (thick cell walls in several layers). Franklin solution is traditionally used in studies of wood (Schneider & Carlquist 1997; Chaffey 2002 ) and for the removal or extraction of fibers (Ericsson & Fries 2004; Kostiainen et al. 2006 ) and other rigid lignified cells that are difficult to analyze by microtomy using conventional plant anatomy techniques. Similar to these types of cells, the seed coat of Melastomataceae presents rigidity, and this finding motivated this study. The option of using Franklin solution in combination with glycerin and slight heating for softening results in a fully satisfactory and inexpensive outcome.
Glycerin is traditionally used as a mounting medium for algae because it has the ability to preserve color and avoid plasmolysis (Johansen 1940) . In addition to the preservation effect, it is common in plant microtechnique to use glycerin mixed with alcohol to soften samples, and this prompted the inclusion of this step in our method.
Finally, an increase in temperature is a procedure adopted to break the physical dormancy of seeds (Baskin & Baskin 2000) because the seed coat becomes looser and allows water uptake and gas exchange to the embryo (Yap & Wong 1983) . In this study, heating favored softening of the seed coat, thereby enabling appropriate infiltration and embedding into all sections, including the embryo, and thus allowing complete visualization.
Another advantage of using this technique is the low toxicity of the reagents. Jeffrey's method (Johansen 1940) has been previously used to soften Cytinus seeds (Vega & Carmo-Oliveira 2007) , but nitric and chromic acid are used in Jeffrey's method (Johansen 1940) , both of which are more toxic than acetic acid and hydrogen peroxide.
The methodology developed in this study was proven to be very useful for obtaining sections of small seeds with hard seed coats, such as the seeds in Melastomataceae. We also argue that this protocol can be successfully adapted for use with other organs that exhibit hard features in several plant families, thereby opening great possibilities for its application in a wide range of fields, such as wood anatomy and fruit anatomy and dispersion.
Conclusions
Small hard seeds, which are exemplified by Melastomataceae, are better embedded when they are softened after subjected to fixation. Without softening, the embedding is incomplete, and the sections are of poor quality, making it difficult to observe the cellular features of the seed coat and particularly the embryo. When the softening is performed prior to fixation, the seed coat exhibits specific alterations, and the embryo is not fully preserved. This work establishes a practical, slightly toxic and inexpensive methodology to ensure good preparations for light microscopy that can be helpful in every microtechnique laboratory worldwide.
